We 
TM4 chemistry-transport model. 
X -9
Total uncertainty in the OMI retrievals of tropospheric NO 2 columns over source regions Table 1 give an overview of these profiles.
150
NO 2 on the DC-8 was measured by Laser Induced Fluorescence (LIF) [Thornton et al.,
151
2003]. In brief, an air sample is pulled into the instrument, wherein laser light is used to 152 excite the NO 2 in the sample. The resulting fluorescence that is directly proportional to 153 the NO 2 mixing ratio is then detected by photo-multiplier tubes. The sensitivity of the 154 1-second NO 2 measurements is 10-40 ppt, depending on laser power, background noise, 155 and signal strength.
with a precision of ± 80 ppt at 1000 hPa and ± 200 ppt at 200 hPa. We average LIF-160 observed NO 2 mixing ratios in increments of 1 hPa and subsequently convert these into
161
(1-hPa) NO 2 subcolumns. Our 1-hPa bins typically contain 2 1-second measurements.
162
• For 1-hPa increments that have not been sampled by the LIF-instrument due to cal-163 ibration measurements, we linearly interpolate NO 2 subcolumns between closest observed 164 values.
165
• We extrapolate the average subcolumn over ten 1-hPa bins closest to the bottom 
174
• The sum of all 1 hPa subcolumns from the (OMI) surface pressure to 200 hPa is 175 taken to be the tropospheric NO 2 column.
176
We estimate relative errors in the DC-8 NO 2 columns between the bottom and top columns, their uncertainty and the number of pixels used.
196
The DC-8 bottom altitude is 0.3 km (1000 ft) over land and 0.15 km (500 ft) over water. moved. The negative intercepts that we find appear consistent with a low bias in OMI • (see appendix).
Because emitted NO x may be transported from one grid cell to the other, this approach may lead to inferring spurious top-down emissions, especially for a region with weak emissions adjacent to a grid cell with strong emissions. The observed column at location (i, j) is influenced by emissions from grid cell (i, j) itself, and by emissions from adjacent grid cells, i.e. the column field is a smoothed representation of the underlying emission field. It is possible to simulate this smoothing without making explicit assumptions about meteorological parameters by the application of a kernel on the emission field: 
We subsequently use Eq. 3 to derive top-down NO x emissions from OMI below. a number of grid cells shows larger top-down emissions.
X -16 BOERSMA ET AL.: VALIDATION OF OMI TROPOSPHERIC NO 2
We exploited the difference in source patterns in Figure 4 to determine the contributions of the individual source categories to the differences between the NEI99 and top-down inventories. We achieve this by a least-squares fit of a linear combination of the anthropogenic NO x source patterns (shown in Figure 5 ) to the reduced top-down inventory E t (written as a vector with emissions E t i,j as elements). The reduced inventory E t is obtained by subtracting the small soil, biomass burning, NEI99 aircraft and industrial solvent NO x contributions from the top-down E t . The modelled inventory (E mod ) is written as: 
263
The minimization by SVD optimally reduces residuals E t -E mod for the set of fit factors emissions of 8%±41% that coincides with the increase in on-road vehicle emissions.
300
After minimization of the differences E t − E mod , there is still scatter (r Houston (Fig. 4) . These areas were also identified as outliers in the EDGAR bottom-up we use anthropogenic emissions from the Global Emissions Inventory Activity (GEIA,
312
Benkovitz et al. [1996] ) scaled by energy statistics to 1998. ).
380
We used the validated OMI NO 2 columns to provide top-down constraints on surface 
